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Description 

[0001] Tne present Invention relates to azeotropic or near azeotropic compositions to be 

ane (CFC 1 1) substitutes in the Ibaming f lekJ. ^ 

10002] More spedtically the present invention relates to azeolropic or near azeotropic mixtures characterized by zero 

ODP (Ozone Depletion Potential), low GWP (Global Warming Potential) and VOC (Volatile Organic Compounds) val- 

ues. 

10003] The foamed polyurethanes represent a dass of materials widely used for applications concerning the furnish- 
ing, car and in general transport building and cooling industry. 

[0004] Polyurethanes are pdyaddition products between isocyanates and polyols; depending on the precursor fea- 
tures, it is possible to obtain flexible, rigid foams, or foams having intermediate characteristics. 
[0005] The former are used in the f umishing and car sector, while rigid polyurethanes are widely used in the thermal 
insulation field fa building and cooling industry. 

[0006] All the polyurethane foams require a foaming agent for their preparation in order to obtain cellular structures, 
density, mechanical and insulation properties suitable for any application type. 

[0007] As known, the common foaming agent used fa the preparation of foamed polyurethanes has been tor a long 

timeCFCn. ^. ^ ^ .. . . 

[0008] CFCs and specifically CFC 1 1 have, however, the drawback to show a high destroying power on the strat- 
ospheric ozone layer, therefore, the production and commercialization have been subjected to rules and then banned 
sinceJanuary 1. 1995. . ^ 

[0009] In the foamed polyurethane field, the use versatility of these products, which allowvs applicatons in different 
fields with the use of suitable technologies and raw material famulations. has made impossible the identification of a 
single product valid for the replacement of CFC 1 1 in all applications. 

[001 0] The alternative solutions which now result widely used faesee the use of hydrocarbons (n-pentane. iso-pen- 
tane and cyclo-pentane) or of HCFC 141b (1.1-dlchloro-1-fluaoethane). 

[001 1 1 Hydrocarbons, due to their high f lammability. have not a generalized use and require large investments to avoid 
fire and explosion risks in plants using them. Furthermae. these foaming agents constitute an atmospheric pollution 
source since. H exposed to the sun light in the presence of nitrogen oxides, they undergo oxklative degradation phe- 
nomena, with formation of the so called ozone-rich "oxidizing smog". Due to this negative characteristic, these products 
are classified as VOC compounds (Volatile Organic Compound). HCFC 141b, which has been and is one of the most 
valid sut)stltutes for above applicatfons. has however the drawback to be moderately flammable and especially to be 
characterized by an ODP value equal to 0.11 (CFC 1 1 has 0DP=1) and therefore it has been subjected to restricted 
use. There was a need to have available substitutes able to furlherly limit or overcome the above mentioned environ- 
mental and safety problems and which allow a simpler and generalized use as foaming agents. 
[001 21 In a previous patent application in the name of the Applicant foaming compositions using speciffo hydroffkior- 
opolyethers have been described. However said hydrof luoropolyetiiers are vay expensive for tiieir obtainment process. 
[0013] The need was therefore felt to have available foaming compositions based on said hydrofluaopofyethers 
(HFPE) having an azeotropic a near azeotropic behaviour as to be used as substitute of CFC 1 1 but with low environ- 
mental impact expressed in terms of ODP. GWP and VOC values. 

[0014] The Applicant has unexpectedly found that tiie hydrofluoropolyether-based mixtures (HFPE). object of the 
present invention, are characterized by chemical-physical properties such to be suitable as substitutes of CFC 1 1 , tiiey 
have an environmental impact expressed In terms of ODP equal to zero and low GWP and VOC values. 
[0015] It is an object of the present invention azeolropic a near azeolropic compositions to be used as foaming 
agents having a tow environmental impact consisting essentially of: 







composition % by weight 






general 


preferred 


1) 


difluorometiTOxy bis(difluorometiiyl ether) (HCF2OCF2OCF2H); 


1-95 


25-95 




n-pentane 


99-5 


75-5 


11) 


dif luoromethoxy bis(dif luoromethyl ether) (HCF2OCF2OCF2H); 


1-99 


25-98 




iso-pentane 


99-1 


75-2 
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(continued) 















geneiai 




III) 


drfluoromethoxy bls(dif luormethyl ether) (HCF2OCF2OCP2H}. 




20-60 




dimethyl ketone (acetone) 




80-40 


IV) 


dHluoromethoxy bis(difluoromethyl ether) {HCF2OCF2OCF2H); 


1-99 






1.1.1.3.3-pentafluorotxJtane (CF3CH2CF2CH3, HFC 365 mfc) 


99-1 




V) 


d'rfluoromethoxy bis(difluoromethyl ether) (HCF2OCF2OCF2H); 


1-40 


10-40 




1.1.1.4.4.4-hexafluorobutane (CF3CH2CHaCF3, HFC 356 fte) 


99-60 


90-60 


VO 


dBluorometoxy bis(difliJoromethyl ether) (HCF2OCF2OCF2H); 


1-96 


25-96 




methoxymethyl methylether 


99-14 


75-14 


vin 


dHluoromethoxy bis(difluoromethyl ether) (HCF2OCF2OCF2H); 


30-99 


35-98 




n-hexane 


70-1 


65-2 


VIII] 


1 -dHluoromethoxy 1.1.2,2-tetrafluoroelhyl difluoromethyl ether 


i-9o 




rHCFoOCFqCF^OCFoH): 








n-pemane 


99-7 


75-7 


IX) 


l-difluoromethoxy 1,1.2,2-tetrafluoroethyl difluoromethyl ether 




50-08 


{HCF20CF:^F20CF2H): 








dimethyl ketone (acetone) 


70-1 


50-2 


X) 


1-difIuoromethoxy 1,1,2.2-tetrafluoroethyl difluoromethyl ether 


15-99 


25-98 


(HCF2OCF2CF2OCF2H); 








n-hexane 


85-1 


75-2 


xo 


1-difluoromethoxy 1,1,2.2-tetrafluoroethyl difluoroniethyl ether 


5-99 


10-98 


(HCF2OCF2CF2OCF2H); 








ethyl alcohol 


95-1 


90-2 



[001 6] Dif luoromethoxy-bis(dlf luoromethyl ether) is indicated as HFPE1 ; 1 -difluoromethoxy-1 .1 ,2.2-tetraf luoroethyl 
dHluoromethyl ether is indicated as HFPE2. More specifically the azeotropic compositions, in correspondence of which 
an ak)solute minimum or maximum in the boiling temperature at the pressure of 1 .013 bar with respect to the pure prod- 
ucts is noticed, are d^ined as follows: 



45 






Compositbns are 
defined within 4/- 2 % by 
weight 




A) 


difluoromethoxy-bis(difluoromethyl ether) (HCF2OCF2OCF2H): 


62%bywL 






n-pentane 


38%bywL 


so 


B) 


difluoromethoxy-bls(difluoromethyl etheO (HCF2OCF2OCF2H); 


63%bywt. 




iso-pentane 


36% by wt. 




C) 


dtfluoromethoxy-bis(difluoromethyl ether) (HCF2OCF2OCF2H): 


42%bywL 






dimethyl ketone (acetone) 


58%bywt 


55 


D) 


difluoromethoxy-bls(difluoromethyl ether) (HCF2OCF2OCF2H); 


60%bywL 






1,1.1.1,3.3-pentafluorobutane (CF3CH2CF2CH3, HFC 365 Wkt) 


40%bywL 



3 
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(oontinued) 







Compositions are 
defined within 2% by 

w ifiht 


E) 


difluoromethoxy-bis(djfluoromethyl ether) {HCF2OCF2OCF2H): 


ATmOy WL 




1.1,1.4.4.4-hexafluorobutane (CF3CH2CH2CF3, HFC 356ffa) 


80%bywt 


F) 


difluoromethoxy-bis{d»luorome!lh/l ether) (HCF2OCF2OCF2H); 


59%bywt 




methoxymethyl methyl ether 


41%bywt 


Gl 
^1 


diftuoromethoxy-k>is(difluoromethyl ether) (HCF2OCF2OCF2H): 


75%bywt 






25%bywL 


H) 


1 -difluoromethoxy-l .1 ,2,2-tetrafluoroethyl d'rf luoromethyl ether 










ri'pentflne 


39%bywt 


I) 


1 -difluoromethQxy-l ,1 ,2.2-tetrafluoroethyl dif luoromethyl ether 


70% bv wL 


(HCF2OCF2CF2OCF2H); 






dimethyl ketone (acetone) 


21%bywt 


L) 


1<lifluoromethoxy-1 ,1 ,2.2-tetrafluoroethyl dHluoromethyl ether 


74%bywL 


{HCF2OCF2CF2OCF2H); 






n-hexane 


26%K>ywL 


M) 


1<lifluoromethoxy-1,1,2.2-tetrafluoroethyl dHluoromethyl ether 


9S%bywL 


(HCF2OCF2CF2OCF2H); 






ethyl alcohol 


5%bywL 



to 



20 



25 



30 



35 



40 



45 



50 



55 



10017] The mixtures having an azeotropic or near azeotropic behaviour are of great importance in order to avoid frac- 
tionation or considerable variations of their composition during handling, dosage and storage operations wherein acci- 
dental losses can take place due to liquid evaporation and consequently variations of the composition of the fluid. 
[0018] The composition variations which take place in all the cases when non azeotropic mixtures are used, involve 
deviations of the foaming agent performances and the need to make suitable refillings in order to restore the original 
conposition and therefore the mixture chemical-physical characteristics. 

[0019] Furthermore, when the non azeotropic or non near-azeotropic compositions contain more volatile flammable 
components, the vapour phase becomes rich in such component until reaching the f lammability limit, with evident risks 
for the use safety. Ukewise. when the f lamnraWe component is less volatile. It concentrates in the liquid phase ghrtng 

rise to a flammable liquid. 

[0020] Mixtures having azeotropic or near azeotropic behaviour avokl the above-disadvantage even when a flamma- 
ble compound is present. J J ^ w 
[0021] An azeotrope is a particular conposition which has singular chemical-physical, unexpected and unforeseeable 
properties of which the most important ones are reported hereinafter. 

[0022] An azeotrope is a mixture of two or more fluids which has the same composition in the vapour phase and in 
the liquid one when it is in equilibrium under determined conditions. 

[0023] Ttie azeotropic conpositton is defined by particular temperature and pressure values; in these conditions the 
mixtures undergo phase changes at constant composition and temperature as pure compounds. 
[0024] A near azeotrope is a mixture of two or more fluids which has a vapour composition substantially equal to that 
of the liqukl and undergoes phase changes without substantially modifying the compositton and temperature. A com- 
position is near azeotropic when, after evaporation at a constant temperature of 50% of the liquid initial mass, the per 
cent variation of the vapour pressure between the initial and final composition results lower than 1 0%; in the case ol an 
azeotrope, no variation of the vapour pressure between the initial composition and the one obtaind after the 50% Fiquid 

evaporation is noticed. ^ . ^ -*t 

[0025] Azeotropic or near azeotropic mixtures belong to the cases showing meaningful, both positive and negative, 
deviations from the RaouR law. As known to the skilled in the art such law is valkl for ideal systems. 
[0026] When such deviations are sufficiently marked, the mixture vapour pressure in the azeotropk; point must there- 
fore be characterized k>y values either lower or higher than those of the pure conpounds. 



4 
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[0027] tt is evident that, if the mixture vapour pressure curve shows a maximum, this corresponds t a minimum of 
l>olling temperature; viceversa to a vapour pressure minimum value, a maximum of txjiling temperature corresponds. 
[0028] The azeotropic mixture has nty ne composition for each temperature and pressure value. 
[0029] However, by changing temperature and pressure, more azeotropic compositions starting from the same com- 

6 ponents can be obtained. 

[0030] For exanple, the combnation of all the compositions of the same components which have a minimum or a 
maximum in the boiling temperature at different pressure levels form an azeotropic composition field 
[0031] Hydrofluoropolyethers used in the compositions of the present invention: HFPE1 and HFPE2, are obtained by 
decartx>xylation processes of the alkaline salts obtained by hydrolysis and salification of the corresponding acylfluo- 

10 rides, using processes known in the art For example, decarboxylation is canied out in the presence of hydrogen-donor 
conpounds. for exanple water, at temperatures of 1 40«-170«C and under a pressure of at least 4 aim. See for example 
EP 695,775 and the examples reported therein; this patent is herein incorporated by reference. 
[0032] The characteristics of the two hydrofluoropolyethers used in the compositions of the present invention are 
reported in Table 1 in comparison with CFC 1 1 and HCFC 141b as regards ODP and GWR 

15 [0033] It has been found that the near azeotropic compositions of points II. III. IV, V. VI. remain near azeotropic also 
when a portion of dif luoromelhoxy-bi5(dif luoromethyl ether) is substituted with 1 -dif luoromethoxy-l ,1 ,2.2-tetraf luoroe- 
thy Wifluoromethyl ether, up to 40% by wei^. They are used as foaming agents. 

[0034] The same for compositions of points IX and X when a portion of 1 -dif luoromethoxy-l, 1 ,2.2-tetrafluoroelhyl dif- 
luoromethyl ether is substituted by dif luoromethoxy-bis(difluoromethyl ether), up to 40% by weight They are used as 
20 foaming agents 

[0035] The same for compositions of points I and VII wherein a portion of difluoromethoxy-bis(difluoromethyl ether) 
is replaced by 1-difluoromethoxy-1.l.2.2-tetrafluoroethyl dHluoromethyl ether up to 50% by weight. They are used as 
foaming agents. 

[0036] Ukewisethe compositions of points Vlll and X, wherein a portion of 1 -dif luoromethoxy-l. 1,2,2-tetrafluoroethyl 
25 dif luoromethyl ether is replaced by difluoromethoxy-bis(difluoromethyl ether) up to 50% by weight. 

[0037] Another object of the present inventton are ternary near azeotropic compositions essentially consisting of: 







% by weight 


XII) 


difluoromethoxy-bis(difluoromethyl ether) (HCF2OCF2OCF2H); 


1-64 




1.1.1 .3.3-pentafluor6butane (CF3CH2CF2CH3, HFC 365 mfc) 


98-1 




hydrocartx>n 


1-35 


XIII) 


drfluoromethoxy-bis(difluoromethyl ether) (HCF2OCF2OCF2H); 


1-22 




1,1,1,4,4,4-h6xafluorobutane (CF3CH2CH2CF3, HFC 356 ffa) 


98-43 




hydrocart)on 


1-35 



40 

used as foaming agents. 

[0038] Among hydrocarbons, n-pentane and iso-pentane are prefen-ed preferably in the range 1-20% by weight. 
[0039] A further obj ect of the present invention are azeotropic or near azeotropic compositions to be used as foaming 
45 agents, as described at points from I) to XIII) and from A) to M). wherein a portion of HFPE1 and/or HFPE2 is replaced 
by hydrofluoropoly-ethers having the same structure of HFPE1 or HFPE2 but boiling point in the range of 5'-80'C. 
Therefore, it is possible to refer to fluids consisting essentially of HFPE1 and/or HFPE2. 

[0040] The compositions mentioned at points I. II. IV, V, VI. VII, Vlll. X. A. B, D, E. F, Q, H and L are prefenred as foam- 
ing agents for foamed polyurethanes, arxJ represent a good substitute for CFG 1 1 for their good balance of foaming 
50 prop^es. 

[0041] The polyurethane foams produced with the azeotropic or near azeotropk; compositions of the present Invention 
are obtained by reaction between polyols and isocyanates in the presence of catalysts and other additives usually 
employed for preparing polyurethane foams, by using known methods. Depending on the desired foanre to be prepared, 
polyols and isocyanates will be used such as to obtain in combination with the present invention compositions the 
55 chemical-physical and mechanical characteristics required for each specific application. 

[0042] Another advantage of the present invention, in the polyurethane foam preparation fiekJ. is that to be able to 
modulate the affinity of the mentioned mixtures with the different types of polyols used for the different applications in 
order to obtain the desired manufactured article features in terms of density, mechanical and insulation properties, with 
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the possibility, therefore, f a more generalized use of the foaming agent which changes, depending n the applications, 
nlythe composition. 

[0043] Azeotroplc or near azeotropic oompositions are added to the formulations In amounts in the range 1 -15% by 
weight on the total preparation, Including the same foaming agent Preferably 1.5-10% by weight, more preferably 1.5- 

8% by weight on the total fonnulation for the foam preparation: 

[0044] The mentioned conpositions can be advantageously used in combination with HgO and/br CO2. fbr example 
gas phase. 

[0045] In particular they can be used In combination with water, as in the past it was done for the CFC 1 1 , CF 11 
"reduce"-based formulations and today it is commonly done for the HCFC 14lb-based formulations. 
[0046] Water can be added to the fbmfuilations in amount in the range 0.5-7, preferably 1-6, and more preferably 1-4 
parts by weight on one hundred parts of polyol. 

[0047] The CO2 can be used in concentrations in the range 0.6-10 parts, preferably 1-8 parts by weight on one hun- 
dred parts by weight of polyol. 

[0048] The mixtures of the invention can be used in combination with stabilizing agents in order to limit the radicalic 
deconposition reactions which, as known, are favoured by the temperature, by the presence of metals and by very 
reactive polyurethane fbmiulations (fbr example due to polyols and^or catalysts of basic nature used in such formula- 
tions). 

[0049] The degradation reactions especially concerning ttie mixtures containing IHFC 356 ffa and 365 mfc, can be 
prevented or reduced by the use of nitroparaffins and/or organic substances having double bond double bonds in the 
molecule. 

[0050] The stabilizing agents are generally used In amounts of 0. 1 -5% by v^reight. 

[0051] Furthermore the compositions desaibed at points I, II, III. VII, VIII, IX, X, XI, XII, XIII, A. B. C, G, H. I, L. M can 
be used fbr the preparation of ttiermoplastic foams. These compositions can be used as foaming agents above all for 
foamed polystyrenes and polyethylenes; these materials were prepared in the past by using, as main foaming agents, 
dichlorofluoromethane (CFC 12). CFC 1 1 or mixtures thereof. At present polystyrenes and polyethylenes for thermal 
insulation applications are produced by using HCFC-based mixtures (HCFC 22: chlorotrifluoro methane; HFC 142b: 1 
chloro-1.1 difluoro etiiane). which however have been restricted for their environmental impact. The above composi- 
tions of the invention used fbr the preparation of foamed polystyrenes and polyethylenes can be advantageously used 
in combination with foaming agents selected from CO2. HFC 134a (1 ,1.1,2 tetrafluoroethane), HFC 227ea. HFC 152a 
(1,1 difluoroethane), HFC 236ea (1,1,1,2,3,3 hexafluoropropane) and their binary mixtures. The latter can be used in 
anfx)unt up to 95% by weight of the foaming agent. The arrx)unt of the foaming agent to be used for the foamed tiiermo- 
plastic polymer syntiiesis is in the range 5-30% by weight on the thermoplastic polymer. 
[0052] The following examples are given for illustrative buX not limitative purpose of the present invention. 

EXAIVIPLE 1 

AzeotroDic or near azeotropic behaviour evaluation 

[0053] The mixture of known composition and weight is introduced in a small glass cell, previously evacuated, having 
an internal volume equal to about 20 cm^. equipped with metal connections, feeding valve and a pressure transducer 

to evaluate the system vapour pressure. _ - . _ 

[0054] The filling volumetric ratio is initially equal to about 0.8%v. 

[0055] The cell is introduced in a thernx)Static batii and tiie temperature is slowly changed until obtaining a vapour 
pressure equilibrium value equal to 1 .013 t>ar. The conresponding temperature is recorded and it represents the mixture 
boiling temperature at the 1 .013 bar pressure. 

[0056] The temperature is measured dose to the equilibrium cell witti a thermometer the accuracy of which is equal 
to 4/-O.OI ''C; particular attention was paid so that the external temperature measured in the bath is really the Internal 
one of the cell. 

[0057] By changing the mixture composition it is possii3le to estimate possible deviatbns witii respect to the ideality 
and therefore to identify the azeotropic composition which, as said, will be characterized by an absdiute minumum or 
maximum with respect to the pure components. 

[0058] In order to confirm tiie azeotropic or near azeotropic behaviour, the mixture characterized by a minumum or a 
maximum in the boiling temperature and otiiers identified close to the azeotrope were sulajected to evaporation test at 
the azeotrope constant temperature. 

[0059] The cell content is removed at constant temperature by evaporation until having a loss corresponding to 50% 
by weight of the initial anx)unt 

[0060] From the evaluation of ttie initial and final pressure the per cent variation of the vapour pressure is calculated: 
if ttie decrease is equal to zero the mixture in tiiose conditions is an azeotrope, if the decrease is < 10% Its behaviour 
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10 



is of a near azotrope. 

[0061] II is knovwi that a near azetropic mixture has a behaviour closer and closer to a true azeolrope if the per cent 
variation is lower and lower and near zero. .^^ . . *h «h«« ronnrtarf 

[00621 As a further confirmation of the azeotropic and near azeotropic behavi ur. together with the above reportea 
evaluations, analyses of the composition d some mixtures object of the present inventoa have been canned out by 
Qaschromatoaraphic method before and after the evaporation test 

[0063] ThTazeotropic mixtures maintain unchanged. wilNn the limits of the enx)r of the analytical methods, ttie com- 
position after the IkS evaporation, while in the case of near azeotropic systems. Bmited compositon vanabons are 

raSlMn all the measurements reported in Tables from 2 to 13 the visual observation of the liquid phase at its rwrmal 

KtempelSre has at any rate ^ovvn that no phase separations 

homogeneous. 



IS 



20 



Table 1 



Chemical-physical and toxicological characteristics of hydrof luoropo 


lyethers | 


Chemical formula 


HCFgOCFgOCFgH 


HCF2OCF2CF2OCF2H 


CCI3FCFCII 


CCI2FCH3 HCFC141b| 


Molecular mass 


184.04 


234.05 


137.37 


116.94 1 


ODP CFC11=1 


0 


0 


1 


0.11 1 


QWP lifetime, years 


<10 


<10 


55 


10.8 1 



Table 2 



30 



35 



40 



45 



50 



boiling temperature evaluation at the pressure of 
1,013 bar HCF20CF20CF2H/n-pentane binary 
mixture 


COMPOSITION 
HCF2OCF2OCF2H 
(% by weight) 


BOILING TEMPERA- 
TURE CO) 


0 


35.79 


12.6 


26.42 


25.9 


23.00 


50.0 


21.45 


61.9 


21.32 


74.9 


21.35 


83.4 


21.49 


87.0 


21.70 


95.6 


25.18 


100 


35.39 
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Table 2a 



evaluation Of the aze tropic and near aze tropic behaviour by d termination of 
the vapour pressure per cent variation after evaporation of 50% of the initial liquid 

mass 


Initial composition (% by 
wl) HCF2OCF2OCF2H/ 
n -pentane 


Temperature (*C) 


Initial pressure (bar) 


AP/Px100(%) 


61.9/38.1 


21.32 


1.013 


0 


50.3/49.7 


21.32 


1.010 


2.47 


84.3/15.7 


21,32 


1.006 


3.08 



Tables 



evaluation of the boiling temperature at the pres- 
sure of 1.013 bar HCF20CF20CF2H/iso-pentane 
binary mixture 


COMPOSITION 
HCF2OCF2OCF2H 
(%bywt.) 


BOILING TEMPERA- 
TURE f»C) 


0 


27.18 


14.2 


21.02 


20.4 


20.00 


39.5 


17.70 


61.0 


17.40 


63.1 


17.35 


80.1 


17.68 


90.4 


19.80 


100 


35.39 



Table 4a 



evaluation of the azeotropic and near azeotropic behaviour liy determination of 
the vapour pressure per cent variation after evaporation of 50% of the initial liquid 

mass 


Initial composition 

(%bywt.) 
HCF2OCF2OCF2H/ 

iso-pentane 


Temperature (*'C) 


Initial pressure (bar) 


AP/PxIOO (%) 


63.0/37.0 


17.35 


1.013 


0 


39.0/61-0 


17.35 


1.003 


1.49 


79.8/20.2 


17.35 


1.003 


4.79 
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1^6 4 



evaluation of the boiling temperature at the pres- 
sure of 1.013 bar HCF20CF20CF2H/ecetone 
binary mixture 


COMPOSITION 
HCF2OCF2OCF2H 
(%bywt) 


BOILING TEMPERA- 
TURE CC) 


0 


56.50 


28.1 


57.88 


41.7 


58.11 


51.0 


57.98 


61.2 


56.63 


74.8 


53.62 


100 


35.39 



Table 4a 



evaluation of the azeotropic and near azeotropic t>ehaviour by determination of the vapour pressure per cent 
variation after evaporation of 50% of the initial liquid mass. 


Initial composition 

(%bywt.) 
HCFgOCFgOCFaH/ 
acetone 


Temperature {*C) 


initial pressure (bar) 


New composition after 
evaportion of 50% by weight 
of the liquid (%by wt.) 
HCF20CF20CF2H/ 
acetone 


A/PxIOO (%) 


41.7/58.3 


58.11 


1.013 


41.8/58.2 


0 


28.0/72.0 


58.11 


1.021 


31.1/68.9 


0.88 


50.4/49.6 


58-11 


1.019 


49.7/50.3 


1.37 



40 



evaluation of the boiling temprature at the pres- 
sure of 1 .01 3 bar HCFjCX^FsOCFzH/HFC 365 mffc 
binary mixture 


COMPOSITION 
HCF2OCF2OCF2H 
(%bywt) 


BOILING TEMPERA- 
TURE CO 


0 


40.09 


10.0 


36.89 


20,0 


34.92 


30.0 


33.71 
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Table 5 (continued) 



evaluation of the boiling temprature at the pres- 
sure of 1.01 3 bar HCF2OCF2OCF2H/HFC 365 mfc 
binary mixture 


COMPOSITION 
HCFgOCFgOCFgH 
(%bywt.) 


BOILINQ TEMPERA- 
TURE CO 


40.1 


33.01 


50.1 


32.66 


60.1 


32.60 


75.0 


33.13 


80.0 


33.54 


100 


35.39 



Table 5a 



evaluation of the azeotropic and near azeotropic behaviour by determination of 
the vapour pressure per cent variation after evaporation of 50% of the initial liquid 

mass 


Initial composition 

(%bywt.} 
HCF2OCF2OCF2H/ 
HFC 365mfc 


Temperature ['C) 


Initial pressure fjoar) 


Apypxioo (%) 


60.1/39.9 


32.60 


1.013 


0 


21.0/78.9 


32.60 


0,937 


5.21 


82.1/17.9 


32.60 


0.968 


7.73 



Table 6 



evaluation of the boiling temperature at the pres- 
sure of 1 .01 3 bar HCF2OCF2OCF2H/HFC 356 ff a 
binary mixture 


COMPOSITION 
HCF2OCF2OCF2H 
(%bywt.) 


BOILING TEMPERA- 
TURE CC) 


0 


24,71 


10.1 


24.16 


19.9 


24.05 


29.9 


24.22 


40.0 


24.65 


49.9 


25.29 


60.1 


26.24 
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Table 6 (continued) 



evaluation of the t>oiling temperature at the pres* 
sure of 1.013 bar HCF2OCF2OCF2H/HFC 356 ffa 
binary mixture 


COMPOSITION 
HCF2OCF2OCF2H 
(%bywt) 


BOILING TEMPERA- 
TURE CC) 


70.1 


27.60 


80.1 


29.65 


100 


35.39 



Table 6a 



evaluation of the azeotropic and near azeotropic behaviour by determination of 
the vapour pressure per cent variation after evaporation of 50% of the initial liquid 

mass 


initial composition 
(%bywt.) 
HCF2OCF2OCF2H/HFC 
356ffa 


Temperature (*C) 


Initial pressure (bar) 


AP/PxIOO (%) 


19.9/80.1 


24.05 


1.013 


0 


4.2/95.8 


24.05 


1.000 


0.41 


38.2/61.8 . 


24.05 


0.994 


2.21 



Table 7 



evaluation of the boiling temperature at the pres- 
sure of 1.013 bar HCF20CF20CF2H/methoxyme* 
thyl methyl ether binary mixture 


COMPOSITION 
HCF2OCF2OCF2H. 
%bywt. 


BOILING TEMPERA- 
TURE. 'C 


0 


41.96 


20.1 


42.80 


27.5 


43.05 


38.1 


43.40 


50.6 


43.78 


59.1 


43.74 


60.2 


43.76 


65.0 


43.53 


72.1 


42.95 


78.7 


41.66 
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Tab! 7 (continued) 



evaluation of the boiling temperature at the pres- 
sure of 1.013 bar HCF20CF2C)CF2H/methoxyme- 
thyi methyl ether binary mixture 


COMPOSITION 
HCF2OCF2OCF2H. 
%bywt. 


BOILING TEMPERA- 
TURE, 'C 


100 


35.39 



Table 7a 



evaluation of the azeotropic and near azeotropic behaviour by determination of the 
vapour pressure per cent variation after evaporation of 50% of the initial liquid mass 


Initial composition 
{%t>ywt) 
HCFgOCFgOCFgH/meth- 
oxymethyt methyl ether 


Temperature C*C) 


Initial pressure (bar) 


AP/PxIOO (%) 


59.1/40.9 


43.74 


1.013 


0 


72.1/27.9 


43.74 


1.045 


2.39 


27.5TO.5 


43.74 


1.041 


2.02 



Tables 



evaluation of the boiling temperature at the pres* 
sure of 1.013 bar HCF20CF20CF2H/n-hexane 
binary mixture 


COMPOSITION 
HCF2OCF2OCF2H 
{%bywt) 


BOILING TEMPERA- 
TURE (*C) 


0 


68.00 


15.4 


43.86 


34.0 


35.15 


50.8 


33.12 


65.6 


32.42 


74.7 


32.10 


78.1 


32.15 


90.1 


32.22 


100 


35.39 
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Table 8a 



evaluation of the aze tropic and near aze tropic behaviour by determination of 
the vapour pressure per cent variation after evaporation of 50% of the initial liquid 

mass 


Initial composition 

(%bywt.} 
HCFgOCFgOCFaH/ 

n-hexane 


Temperature (*C) 


Initial pressure (bar) 


AP/Px100{%) 


74.7/25.3 


32.10 


1.013 


0 


65.6/34.4 


32.10 


1.006 


0.60 


90.1/9.9 


32.10 


1.011 


0.89 



Table 9 



evaluation of the boling temperature at the pres- 
sure of 1.013 bar HCFsOCFzCFzOCFaH/n-pen- 
tane binary mixture 


COMPOSITION 
HCF2OCF2CF2OCF2H 
(%bywt.) 


BOILING TEMPERA- 
TURE CO 


0 


35.79 


17.3 


31.75 


29.1 


. 31.52 


60.8 


31.2 


68.0 


31.04 


72.1 


31.08 


74.3 


31.15 


79.3 


31.25 


84.3 


31.77 


93.4 


35.83 


100 


58.21 
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Table 9a 



aze tropic and near azeotr pic behaviour evaluati n by determinati n fthe 
vapour pressure per cent variation after evaporation of 50% of ttie Initiai liquid 

mass 


tnrtial composition 
(%bywt.) 

HCFgOCFgCFgOCFaH/ 
n-pentane 


Temperature CC) 


Initia) pressure (bar) 


AP/PxIOO {%) 


60.8/39.2 


31.02 


1.013 


0 


17.3/82.7 


31.02 


1.002 


4.59 


74.3/25.7 


31.02 


1.008 


4.36 



Table 10 



boiling temperature evaluation at the pressure of 
1.013 bar HCF20CF2CF20CF2H/acetone binary 
mixture 


COMPOSITION 
HCF2OCF2CF2OCF2H 
(%bywt.) 


BOILING TEMPERA- 
TURE CC) 


0 


56.50 


15.5 


56.83 


30.8 


58.23 


40,7 


59.45 


58.6 


62.87 


70.0 


65.04 


79.4 


65.96 


85.5 


65.28 


89.9 


64.41 


100 


58.21 



45 



Table 10a 



azeotropic and near azeotropic behaviour evaluation by determination of the vapour pressure per cent var- 
iation after evaporation of 50% of the initiai liquid mass 


Initial composition 
(%bywt.) 
HCF2OCF2CF2OCF2H/ 
acetone 


Temperature ("C) 


Initial pressure (bar) 


New composition .after liq- 
uid evaporation of 50% by 

weight 
HCF20CF2CF20CF2H/ac 
etone(%bywt} 


AP/Px100(%) 


79.5/20,5 


65.96 


1.013 


79.3/20.7 


0 
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TabI 10a (continued) 



aze tropic and near azeotr picbehavi ur evaluation by determinati nofthevap ur pressure per cent var* 
iati n after evaporation of 50% of th initial liquid mass 


Initial oompositi n 
(%bywt.) 
HCF2OCF2CF2OCF2H/ 
acetone 


Temperature (*C) 


Initial pressure (bar} 


New composition after liq- 
uid evaporation of 50% by 

weight 
HCF20CF2CF20CF2H/ac 
etone(%by wL) 


AP/Px100(%) 


69.5/30.5 


65.96 


1.044 


73.9/26.1 


2.78 


84.8/15.2 


65.96 


1.035 


82.5/17.5 


2.90 



IS 

Table 11 



boiling temperature evaluation at the pressure of 
1.013 bar HCFsOCFjCFsOCFsH/n-hexane binary 
mixture 


COIVIPOSITraN 

HCF20CF2CF20CF2H 

(%bywt.) 


BOIUNQ TEMPERA- 
TURE CO 


0 


68.00 


20.6 


56.24 


39.7 


48.81 


59.9 


46.74 


73.8 


46.66 


78.7 


46.76 


89.9 


49.00 


100 


58.21 



40 

Table 11a 



azeotropic and near azeotropic behaviour evaluation by determination of the 
vapour pressure per cent variation after evaporation of 50% of the initial liquid 

mass 


Initial composition 
(%bywt.) 
HCF2OCF2CF2OCF2H/ 
n-hexane 


Temperature ^C) 


Initial pressure ff>ar) 


AP/PxIOO (%) 


73.8/26.2 


46.66 


1.013 


0 


39.8/60.2 


46.66 


0.938 


7.57 


89.9/10.1 


46.66 


0.935 


8.02 
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Table 12 



boiling temperature evaluation at the pressure of 
1.013 bar HCF20CF2CF20CF2H/etbyl alcohol 
binary mixture 


COMPOSITION 

HCF2OCF2CF2OCF2H 

(%bywt) 


BOILING TEMPERA- 
TURE (•C) 


0 


78.50 


20.6 


72.35 


48.9 


63.70 


62.6 


60.12 


80.0 


57.33 


89.7 


56.07 


94.7 


55.65 


98.0 


55.75 


99.0 


56.02 


100 


58.21 



Table 12a 



azeotropic and near azeotropic behaviour evaluation by determination of the vapour pressure per cent var- 
iation after evaporation of 50% of the Initial liquid mass 


Initial conposition 
(%bywt) 
HCF2OCF2CF2OCF2H/ 
ethyl alcohol 


Temperature ("C) 


Initial pressure (bar) 


New composition after 
evaporation of 50% by 
weight of the liquid (% by 
wt) 

HCFaOCFgCFzOCFgH/e 
thyl aloohol 


AP/Px100(%) 


94.7/5.3 


55.65 


1.013 


95.0/5.0 


0 


79.4720.6 


55.65 


0.954 


75.6/24.4 


1.26 


99.0/1.0 


55.65 


1.005 


99.3/0.7 


2.99 



Table 13 



evaluation of the azeotropic behaviour of ternary mixtures by determination of the vapour pressure per cent 
variation after evaporation of 50% of the Initial liquid mass 
Ternary mixtures 


Initial connposition (% by wt) 
HCF2OCF2OCF2H/HCF2OCF2CF2OCF2H/ 
acetone 


Boiling temperature ("C) 


Initial pressure (bar) 


AP/Px100(%) 


12.0/18.0/70.0 


57.75 


1.013 


3.16 
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TabI 13 (continued) 



evaluation of the azeotr pic behaviour of ternary mixtures by determination of the vapour pressure per cent 
variati n after evaporation of 50% of the initial liquid mass 

Ternary mixtures 


Initial composition (% by wt) 
HCFgOCF20CF2H/HCF20CF2CF20CF2H/ 
acetone 


Boiling temperature C'C) 


Initial pressure (t>ar) 


AP/PxIOO (%) 


HCF2OCF2OCF2H/HCF2OCF2CF2OCF2H n- 
pentane 30.0/20.0/50.0 


25.50 


1.013 


0.30 



EXAMPI-^2 

IS Use of HFPE-tased mixtures as foaming aoents for the preparation of riold Dolvurethanes 
[0065] Foams have been prepared according to the following procedure: 

In a polyethylene cylindrical container (diameter 12 cm; height 18 cm) 100 g of polyol, the required water amount for 
each kind of fbrmualtlon and the foaming agent used for the test, are introduced. 
20 [0066] The content is mixed with mechanical stiner for one minute at the rate of 1900 rpm, then isocyanate is added 
and stining is continued at the same speed for 15 seconds. 
[0067] The foam is allowed to freely expand until the completion of the reactioa 

[0068] A foam portion is drawn in the central part of the foam fa the visual observation of the homogeneity, of the 
cellularity properties of the foam and fbr the density detennination. 
25 [0069] The data are reported in Table 1 5 in comparison with those obtained with CFC 1 1 and HCFC 141b (a and p 
comparative ecamples). 
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Table 14 





Example a 
(CGcnp) 


Example 
(comp) 


Example y 


Example 6 


^ T \ 

Example € 


1 Polyol* 

1 polyether 
1 (9) 


100 


100 


100 


100 


100 


1 Water 
1 Pbw (g) 


2 


2 


2.6 


2.7 


2.6 


1 Aminic 

1 catalyst ♦ 

1 Pbw (0) 


2.5 


2.5 


2.5 


2.5 


2.5 


1 CPC 11 
D pbw (0) 


30* 










1 KCFC 141b 
1 pbw (g> 




28S 








1 HFPEl/ 
1 HFC 365mfc 
1 (60/40) 
1 pbw (Q) 






29-8* 






R HFPEl/ 

fl HFC 356ffa 

pbw (Q) 








28.5* 




HFPEl/ 
HPPE2/ 
n-pentane 
(18) (72) 
(10) 










33* 


ISOCYA- 
NAfTE * 
H pbw (g) 


160 


160 


170 


175 


170 


1 Density 
B kg/m' 


30 


29.7 


30.0 


29.6 


30.0 


1 Foam 
l^ppearance 


GOOD 


GOOD 


GOOD 


GOOD 


GOOD 



HPPEl = HCFaCXTFjOCFaH 

HFPE2 = HCFjCXZFjCFjOCFjH 

*: non flammable 

§: flammable 

polyol polyether with a nuniber of hydroxyl equal to 500 
mg KOH/g and containing silicone surfactant 

(AT 9930/031. SST) 
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♦ : N,N-dimethyl cyclohexylamine 

i: Polymeric methylendiphenylisocyanate (MDI) -DESMODXHl 

44V20 by Bayer 
pbw: parts by weight per 100 g of polyol 



[0070] The HFPE-based mixtures allow to obtain polyurethane foams with good homogeneity and cellularity charac- 
teristics with densities similar to the reference products. 

[0071] Sufficiently low densities (about 30Kg/m^) are obtained with amounts of f luorinated foaming agent and water 

comparable with the amounts used in the reference formulations with CFC 11 and HCFC 141b. 

[0072] A further advantage given by the mixtures containing HFPE is that to eliminate or limit the inflammability due 

to the other flammable components present in the mixture (n-pentane. HFC 365 mfc, HFC 356 ffa) with remarkable 

advantages in terms of foaming agent handling and in terms of reaction with fire of the final polyurethanic manufactured 

articles. 

Claims 

1 . Use as foaming agents having a low environmental impact of azeotropic or near azeotropic compositions, teased 
ondifluoromethQxy-bis(difluoromethyl ethei) and/or 1-difluoromethoxy-1.1,2,2-tetrafluoroethyl difluoromethyl ether, 
essentially consisting of: 







composrtion % by weight 


1) 


difluoromethoxy bis(difluoromethyl ether) (HCF2OGF2OCF2H); 


1-95 




n-pentane 


99-5 




difluoromethoxy bis(difluoromethyl ether) (HCF2OCF2OCF2H); 


1-99 




Iso-pentane 


99-1 


III) 


difluoromethoxy bis(difluormethyl ether) (HCF2OCF2OCF2H); 


1-60 




dimethyl ketone (acetone) 


99-40 


IV) 


difluoromethoxy bis(difluoromethyl ether) (HCF2OCF2OCF2H); 


1-99 




1,1,1 ,3,3-pentafluorobutane (CF3CH2CF2CH3, HFC 365 mfc) 


99-1 


V) 


difluoromethoxy bis(difluoromethyl ether) (HCF2OCF2OCF2H); 


1-40 




1.1,1.4,4.4-hexafluorobutane (CF3CH2CH2CF3, HFC 356 ffa) 


99^0 


VI) 


difluorometoxy bis(difluoromethyl ether) (HCF2OCF2OCF2H); 


1-96 




methoxymethyl methylether 


99-14 


VII) 


difluoromethoxy bi8(difluoromethyl ether) (HCF2OCF2OCF2H): 


30-99 




n-hexane 


70-1 


viio 


1 -difluoromethoxy 1.1,2,2-tetrafluoroethyl difluoromethyl ether 
(HCF2OCF2CF2OCF2H); 


1-93 




n-pentane 


99-7 
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(continued) 








composition % kay weight 


IX) 


1-difluoromethoxy 1.1,2.2-tetrafluoroethyl difluoromethyl ether 
(HCF20CF2CF^CF2H): 


30-99 




dimethyl ketone (acetone) 


70-1 


X) 


1-difluoromethQxy 1.1,2.2-tetrafluoroethyl difluoromethyl ether 
(HCF20CF2CF20CF^; 


15-99 




n-hexane 


85-1 


XI) 


iHdifluoromethoxy 1 .1.2,2-tetrafluoroethyl difluoromethyl ether 
(HCF2OCF2CF2OCF2H): 


5-99 




ethyl alcohol 


95-1 



Use of azeotropic or near azeotropic compositions aooording to daim 1 essentially consisting of: 







rnmnn«;iiion % bv wfiioht 


1) 


difluoromethoxy bis(dKluoromethyl ether) (HCF2OCF2OCF2H); 


25-95 




n-pentane 


75-5 


II) 


dHluoromethocy bis(difluoromethyl ether) (HCF2OCF2OCF2H): 


25-98 




iso-pentane 


75-2 


IID 


dHluaomethoxybis(dHluomiethyl ether) (HCF2OCF2OCF2H); 


20-60 




dimethyl ketone (acetone) 


80-40 


IV) 


difluoromethoxy bis(difluoromethyl ether) (HCF2OCF2OCF2H): 


10-98 




1 .1 .1 ,3.3-pentafluorobutane (CF3CH2CF2CH3, HFC 365 mfc) 


90-2 


V) 


difluoromethoxy bis(dHluoromethyl ether) (HCF2OCF2OCF2H): 


10-40 




1 .1 .1 .4,4.4-hexafluorobutane (CF3CH2CH2CF3, HFC 356 ffa) 


90-60 


VI) 


difluorometoxy bis(difluoromethyl ether) (HCF2OCF2OCF2H); 


25-96 




methoxymethyl methyiether 


75-14 


VII) 


difluoromethoxy bis(difluoromethyl ether) {HCF2OCF2OCF2H); 


35-98 




n-hexane 


65-2 


VIIQ 


1 -difluoromethoxy 1.1, 2,2-tetrafluoroethyl difluoromethyl ether 
(HCF2OCF2CF2OCF2H); 


25-93 




n-pentane 


75-7 


IX) 


1 -difluoromethoxy 1.1,2,2-tetrafluoroethyl difluoromethyl ether 
(HCF2OCF2CF2OCF2H); 


50-98 




dimethyl ketone (acetone) 


50-2 


X) 


KJifluoromethoxy 1,1.2.2-tetrafluoroethyl difluoromethyl ether 
(HCF2OCF2CF2OCF2H); 


25-98 




n-hexane 


75-2 


xo 


1 -difluoromethoxy 1.1,2.2-tetrafluoroethyl difluoromethyl ether 
(HCF2OCF2CF2OCF2H): 


10-98 




ethyl alcohol 


90-2 
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3. Use of azeotropic compositions according to claims 1 and 2 in correspondence off which an abs lute minimum or 
maxinuim of the boiling temperatur at the pressure of 1.013 bar with respect to the pur products is noticed, 
deffined as follows: 



A) 


dif luoromethoxy-bis (diffluoromethyl ether) (HCF2OCF2OCF2H); 


62%by wt 




n-pentane 


38%bywt 


B) 


dHluoromethoxy-bis(difluoromethyl ether) (HCF2OCF2OCF2H); 


63%bywt 




iso-pentane 


36%bywt 


C) 


difluoromethQxy-bi8(diffluoromethyl ether) (HCF2OCF2OCF2H); 


42%bywt 




dimethyl ketane (acetone) 


58%bywL 


D) 


difluoromethoxy-bis(difluoromethyl ether) (HCF2C)CF20CF2H); 


60%bywt 




1.1.1.3,3-pentafluorobutane (CF3CH2CF2CH3, HFC 365 mfc) 


40%bywt 


E) 


dif luoromethoxy-bis(dlffluoromethyl ether) (HCF2OCF2OCF2H): 


20%bywL 




1.1,1»4.4.4-hexafluorobutane (CF3CH2CH2CF3, HFC 356 ffa) 


80%bywt 


F) 


difluoromethQxy-bis(difluoromelhyt ether) (HCF2OCF2OCF2H); 


59%bywL 




methoxymethyl methyl ether 


41%bywt 


G) 


difluoromethoxy-bi8(difluoromethyl ether) (HCF2OCF2OCF2H); 


75%bywt 




n-hexane 


25%bywL 


H) 


1 -dif luoromethoxy-1 . 1 ,2,2-tetrafftuoroethyl dif tuoromethyl ether (HCF2OCF2CF2CKF2H); 


61%bywL 




n-pentane 


39%bywL 


I) 


1-difluoromethQxy-1.1.2.2-tetrafluoroethyl diftuoromethyt ether (HCF2OCF2CF2OCF2H); 


79%by¥vL 




dimethyl ketone (acetone) 


21%bywt 


L) 


1-difluoromethQxy-1.1.2,2'tetrafluoroethyl dif tuoromethyl ether (HCF2OCF2CF2OCF2H): 


74%bywL 




n-hexane 


26%bywt 


M) 


1-difluoromethCKy-1.1,2,2-tetrafluorDethyl dHluoromethyl ether (HCF2OCF2CF2OCF2H): 


9S%bywL 




ethyl alcohol 


5%bywL 



4. Use as foaming agents of near azeotropic compositions according to claims 1 and 2 essentially consisting of: 







composition % by wt. 


II) 


dif luoromethoxy-bis(diftuoromethyl ether) (HCF2OCF2OCF2H); 


1-99 




iso-pentane 


99-1 


111) 


difluoromethoxy-bis(diffluamethyl ether) (HCF2OCF2OCF2H): 


1-60 




dimethyl ketone (acetone) 


99-40 


IV) 


difluoromethaxy-bis(difluoromethyl ether) (HCF2OCF2OCF2H); 


1-99 




1,1.1,3,3-pentafluorobutane (CF3CH2CF2CH3, HFC 365 mfc) 


99-1 


V) 


dif luoromelhoxy-bis(difluoromethyl ether) (HCF2OCF2OCF2H); 


1-40 




1,1.1.4.4.4-hexafluorobutane (CF3CH2CH2CF3, HFC 356 ffa) 


99-60 
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composition % by wt. 


VI) 


difluoromethaxy-bis(difluoromethyl ether) (HCF2OCF2OCF2H); 

melhaxymethyl methyl ether 


1-96 
99-14 



wherein the difluoromethoxy-bis(difluoromethyl ether) part contains up to 40% by weight of 1-difluoromethoxy- 
1.1.2.2-tetralluoroethytdiriuoromethyl ether. 

5. Use as foaming agents of near azeotropic compositions according to claims 1 and 2 essentially consisting of: com- 
position 







%bywL 


IX) 


1-difluoromethQ)cy-1,1,2,2-tetrafluoroethyldifluoromethyl ether (HCF20CFiCF20CF2H); 


30-99 




dimethyl ketone (acetone) 


70-1 


X) 


1-difIuoromelhQxy-1,1.2,2-tetrafluoroethyl difluoromethyl ether (HCF2OCF2CF2OCF2H); 


15-99 




n-hexane 


85-1 



wherein l-dHluoromethoxy-1,1,2.2-tetrafluoroethyl difluoromethyl ether contains up to 40% by weight of difluor- 
omethoxy-bis(difluoromethyt ether). 

6. Use as foaming agents of near azeotropic compositions according to claims 1 and 2 essentially consisting of: 







composition % by wL 




dif luoromethoxy-bis(difluoromethyl ether) (HCF20CF20CF2H); 


1-95 




n-pentane 


99-5 


VII) 


difluoromethoxy-bis(difluoromethyl ether) {HCF2OCF2OCF2H); 


30-99 




n-hexane 


70-1 



Wherein dif luoromethoxy-bis(difluoromethyl ether) contains up to 50% of 1-difiuoromethoxy-1,1.2.2-tetrafluoroethyl 
difluoromethyl ether. 

7. Use as foaming agents of near azeotropic compositions according to claims 1 and 2 essentially consisting of: 







composition % by wt 


Vlll) 


1 -dif luoromethQxy-1 , 1 .2,2-tetraf luoroethyl difluoromethyl ether 
(HCF2OCF2CF2OCF2H): 


1-93 




n-pentane 


99-7 


X) 


l-difluoromethaxy-1.1,2.2-tetrafluoroethyl difluoromethyl ether 
(HCF2OCF2CF2OCF2H); 


15-99 




n-hexane 


85-1 



22 



EP0980 890A1 

wherein 1-difluoromethQxy-1.1.2.2-tetrafluoroethyl difiuor methyl ether contains up to 50% weight of difkjor- 
omethQxy-bts(drflu romethyl ether). 

8. Use as foaming agents of ternary near azeotropic compositions according to claims 1 and 2 essentially consisting 
s of: 







composition % by wt. 


XIQ 


dif luoromethoxy-bis (difluoromethyl ether) (HCF2OCF2OCF2H); 


1-64 




1.1 .1 .3,3-pentafluorobutane (CF3CH2CF2CH3, HFC 365 mfc) 


98-1 




hydrocart)on 


1-35 


XIII) 


difluoromethoxy-bis (difluoromethyl ether) (HCF20CF2C)CF2H): 


1-22 




1,1,1 .4.4.4-hexafluorobutane (CF3CH2CH2CF3, HFC 356 ffa) 


98-43 




hydrocartxjn 


1-35 
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9. Use of the compositions according to claim 8 wherein hydrocaitx>n is selected between n-pentane and Iso-pen- 

tane. 

1 0. Use of compositions according to claims 8 and 9 wherein hydrocarbon is present in the range 1-20% by weight. 

25 

11. Use of azeotropic or near azeotropic compositions according to claims 1-10 wherein the ether portion HFPE1 
and/or HFPE2 can contain at least up to 1 0% by weight of hydrof luoropolyethers having the same structure but with 
boiling point in the range 5''-80*'C. 

30 12. Use as foaming agents, for the preparation of polyurethanes, of the compositions according to claims 1 -7 and 1 1 , 
mentioned at points I. II. IV. V. VI. VII. VIII, X. A. B. D, E, F. G, H and L 

13. Use of the compositions according to claim 12 in amounts in the range 1-15% by weight on the total preparation, 
including the same foaming agent; preferably 1 .5-1 0% k)y weight, more preferably 1 .5-8% by weight on the total for- 

35 mulation for the foam preparation. 

14. Use of the compositions according to claim 12 in combination with H2O and/or CO2. 

1 5. Use of the compositions according to claim 1 4 wherein the water amount is in the range 0.5-7. preferably 1-6. and 
40 more preferably 1-4 parts by weight on one hundred parts of polyol. 

1 6. Use of the compositions according to daim 14 wherein the CO2 anfx}unt is in the range 0.6-10 parts, preferably 1- 
8 parts by weight on one hundred parts of polyol. 

45 17. Use of the compositions according to claims from 1 to 16 wherein stabilizers tor radicalic decomposition reactions 
are added, the concentration of which is in the range 0.1-5% by weight with respect to the fbanru'ng agent 

1& Use as foaming agents for thermoplastic polymers of the compositions according to claims 1-11, mentioned at 
points I. II. III. Vli. VIII. IX. X, Xt. XII. XIII. A. B. C. G. H. I. L and M. 

so 

19. Use of the compositions according to daim 18 in combination with foaming agents of physical type selected from 
COg. HFC 134a, HFC 227ea. HFCl52a (1.1 difluoroethane). HFC 236ea (1.1.1.2.3.3 hexafluoropropane) or mix- 
tures thereof. 

55 20. Use of the compositions according to claims 18 and 19 in anfXHJnts in the range 5-30% by weight on the thermo- 
plastic polymer. 

21. Use of tiie compositions according to daims from 1 toll and from 18 to 20 wherein stabilizers for radicalic decom- 
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position reactions are added, the concentration of which is In the range 0.1 -5% by weight with respect to the foam* 
ing agent 

22. Pdyurethane compositions connprlsing the foaming compositions According to claims 12-17. 

5 

23. Compositions of thernnoplastic polymers according to claims 18-21. 

10 
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